SUMMARY: Polychaetes inhabiting deep-sea soft bottoms in the southeastern Gulf of California were collected during four oceanographic cruises in 2000 and 2001 at a depth range of 732-2110 m. A total of 84 taxa, representing 32 families, were collected. The relationships between density, species number and diversity and depth, dissolved oxygen, temperature, granulometry and organic matter content in sediments were analysed. Cluster analyses and MDS plots based on density allowed faunal assemblages to be established for each environmental variable: 700-1100 m, 1100-1600 m, 1900-2100 m and 2100-2200 m (depth); 0.00-1.20 ml/L, 1.20-2.00 ml/L and 2.00-2.40 ml/L (oxygen); 2.0-2.5°C, 2.5-4.0°C, 4.0-6.0°C and 6-6.5°C (temperature); 8-16%, 16%-18% and 18-20% (organic matter), 20-30%, 60-70% and 80-100% (mud). Polychaetes were not distributed according to gradients of any of these environmental variables. The dominant and frequent species of each group were not restricted to unique assemblages. Results of a canonical correspondence analysis indicated that depth, oxygen and temperature were the main environmental variables responsible for polychaete distribution. The dominance of muddy sediments with high organic matter content (8.26 to 18.78%) throughout the study area reduces the importance of these parameters for polychaete distribution, since the dominant and frequent species belong to the detritivore families Ampharetidae, Maldanidae and Cirratulidae.
INTRODUCTION
The southern Gulf of California connects with the Pacific Ocean at its mouth, where there are depths greater than 3000 m, while the northern part is relatively shallow (Parker, 1964; Alvarez-Borrego and Schwartzlose, 1979) . In the southern Gulf, water temperature decreases gradually with depth to values lower than 10°C at 400-500 m and <4°C at 2000 m. The southernmost basin, from about 26°N to the mouth of the Gulf, has epibenthic water temperatures of 2°C or less (Parker, 1964) . Recently, Hendrickx (2003a) reported temperatures ranging from 2°C (at about 2000 m depth) to 9°C (at 550 m) in the southeastern Gulf of California.
In the North Atlantic, the eastern Pacific and the Indian Ocean, organic carbon, bottom water oxygen concentration and depth strongly influence deepwater macrofaunal diversity. On the other hand, percentages of sand and clay have no significant effects on macrofaunal distribution in these zones (Levin and Gage, 1998) . The importance of organic matter content in sediments has been established by Cook et al. (2000) , Gooday et al. (2000) and Gooday et al. (2001) , who observed that annelids often display parallel trends along oxygen and organic matter content gradients. Effects of depth have been reported in the North Atlantic, where a mid-slope diversity maximum is found following a unimodal pattern with a peak at intermediate depths, and lower diversity occurs at upper bathyal and abyssal depths. This pattern, however, does not appear to be universal .
Bottom water dissolved oxygen concentration is one of the major factors affecting the presence of benthic and demersal species of most marine invertebrates where hypoxia occurs (Rosenberg et al., 1991; Diaz and Rosenberg, 1995; Wishner et al., 1995; Levin and Gage, 1998; Levin et al., 2000; Levin, 2001) . The oxygen minimum zones (OMZs) are midwater regions of the ocean with hypoxic waters, where oxygen concentrations are typically <0.5 ml/L, but vary in different regions of the world (Levin, 2001; 2003; Levin et al, 2001 ). Oxygen concentration has been shown to strongly influence distribution and diversity of benthic organisms (Wishner et al., 1995; Levin and Gage, 1998; Levin et al., 2000; Levin, 2001 ). This pattern has been reported on the West African margin (Sanders, 1969) , in the eastern Pacific, in a seamount off Mexico (Levin et al., 1991) , in the NW Arabian Sea off Oman (Levin et al., 1997 and on the Peru and Chile margins (Levin et al., 2002) Parker (1964) recognised an OMZ in the southern and central Gulf of California with a ≤0.5 ml/L fringe that runs parallel to the coast on both sides of the Gulf to almost 29°N. Recent studies performed in the southern Gulf of California evidenced a welloxygenated epipelagic zone from the surface to about 80-125 m, with oxygen concentrations as high as or higher than 2 ml/L, and a wide zone of hypoxic to almost anoxic waters was found, extending roughly from 150-200 m to 600-800 m (Hendrickx, 2001) . Oxygen gradually increases from 800 m and reaches hypoxic values below or close to 1 ml/L at 1500 m, although values occasionally increase to 1.8 m/L between 1400 and 1500 m (Hendrickx, 2003a) . At depths greater than 2000 m, there is a steady increase in the oxygen content, which progressively reaches values above 2 ml/L (Hendrickx, 2001) .
Polychaetes are the most tolerant taxon to low oxygen (Diaz and Rosenberg, 1995) and are dominant in oxygen minimum zones (Levin, 2001; 2003) . Polychaetes from deep-sea waters in the Gulf of California have been studied by Blake (1985) , Solís-Weiss and Hilbig (1992) and Solís-Weiss and Hernández-Alcántara (1994) in the hydrothermal vents from the Guaymas basin. A list of deep-water polychaetes based on samples from the southeastern Gulf of California was established by Méndez (2006) . It shows that the deep-sea polychaete fauna from the Gulf of California is similar to that registered in adjacent areas by several authors such as Hartman (1960 Hartman ( , 1963 , in deep basins off southern California, and Fauchald (1972) , who identified 227 polychaete species off the Mexican west coast and adjacent areas in the eastern Pacific Ocean. Other recent studies concerning deep-sea polychaetes in the northern Pacific correspond to Fauchald and Hanckock (1981) in Central Oregon and Blake and Hilbig (1990) in the Juan de Fuca and Explorer Ridge systems in the northeastern Pacific. Moreover, Blake and Hilbig (1994) and Blake et al. (1995 Blake et al. ( , 1996 Blake et al. ( , 2000 performed a taxonomic atlas of polychaetes from the Santa Barbara Basin and western Santa Barbara Channel.
Studies of the environmental parameters influencing the distribution of deep-sea benthic fauna in the eastern Pacific are scarce. The US Environmental Protection Agency and the US Navy supported three studies (SAIC, 1991; Blake et al., 1992) on benthic infauna from the continental slope off Farallon Islands near San Francisco. Levin and Gage (1998) and Levin et al. (1991) studied the relationships of environmental factors with macrobenthic communities in southern California and off Acapulco, Mexico, respectively. Wishner et al. (1995) studied the distribution of pelagic and benthic fauna in relation to the lower boundary of the oxygen minimum zone on a seamount off Acapulco. However, the analyses of the relationships between environmental parameters and deep-water polychaetes in the Gulf of California are non-existent. Recently, Hernández-Alcántara and Solís-Weiss (2005) related some environmental parameters to the Spionida from the Gulf of California, but their data correspond to the sublittoral zone, between depths of 22.2 and 120 m.
The present paper examines the relationships between some environmental variables (depth, oxygen concentration, temperature, organic matter content in sediments and percentage of mud) and deepwater polychaete communities occurring at depths ranging from 732 to 2110 m in the southeast Gulf of California. Comparisons with previous studies in other regions of the world are also presented here.
MATERIAL AND METHODS

Sampling and laboratory work
The TALUD project, organised by the Laboratory of Invertebrates of the Mazatlán Marine Station (Instituto de Ciencias del Mar y Limnología, Universidad Nacional Autónoma de México, UNAM), is a multidisciplinary project encompassing the study of meiofauna, polychaetes, molluscs, crustaceans and fish on the continental slope of the southern Gulf of California. Deep-water polychaetes were collected aboard the R/V "El Puma" (UNAM) during four oceanographic cruises: TALUD 4 in August 2000 (11 stations), TALUD 5 during December 2000 (10 stations), TALUD 6 in March 2001 (12 stations), and TALUD 7 in June 2001 (13 stations) in the southeastern Gulf of California (Fig. 1) .
Sediments to study macrofauna were collected with a 110 cm high x 40 cm wide x 20 cm thick (mean thickness) modified Karling dredge (Schlieper, 1972) towed for 30 min. This dredge crawls in the sediment and can collect infauna and epifauna. It has two 7-cm wedges, which allow at most 85 L of sediment to be collected. Modifications include lateral stabilisers to prevent the dredge from turning over during deployment, and a removable rear plate (instead of a grid or sieve) allowing for easy collection of sediments after recovery of the gear. Since it is a heavy apparatus, it is assumed that it can collect the top 7 cm layer of sediment, but depending on the nature of the bottom, the collected volume may vary. Nevertheless, this allows quantitative studies based on the volume of sediment to be carried out. All the collected sediment was measured using graduated buckets and sieved through a 500 μm mesh. The polychaetes were sorted and fixed with a 10% formaldehyde solution aboard the ship. Specimens found inside thick muddy tubes were fixed by adding 10% formaldehyde solution through one of the tube openings using a syringe. In the laboratory, the polychaetes were washed repeatedly and preserved in 70% ethanol. They were counted and identified following the keys of Chamberlin (1919) , Hartman (1944 Hartman ( , 1957 Hartman ( , 1960 Hartman ( , 1968 Hartman ( , 1969 , Pettibone (1966) , Fauchald (1968 Fauchald ( , 1970 Fauchald ( , 1972 Fauchald ( , 1977 , Fauchald and Hancock (1981) , Hernández-Alcántara (1992), Petersen (2000) , Blake and Hilbig (1994) and Blake et al. (1995 Blake et al. ( , 1996 Blake et al. ( , 2000 .
Sediments (200-250 g) were taken from each sample to analyse grain size and organic matter content. Percentage of organic matter was obtained by loss of ignition at 550°C for 1 h (Dean, 1974) . According to conventional methods (i.e. Folk, 1965) , samples of about 200 g were sieved through a 2-mm mesh to separate gravel from sand and through a 0.0625-mm mesh to separate sand from mud (the latter considered as a mixture of silt and clay). Grain size was expressed as percentages of mud (<0.0625 mm), sand (0.0626-2.00 mm) and gravel (>2.01 mm). Sampling depth was estimated with an analogical Edo Western echo sounder. Temperature was measured ca. 10 m above the bottom level with a CTD. Opening-closing bottles were used to obtain near-bottom water samples and oxygen concentrations were determined by the Winkler method (Strickland and Parsons, 1972) . A Metrohm Herisau (Mod. E-415) burette was used, with an estimated precision of 2.34% and a lower limit of 0.01 ml/L.
Data analyses
Abundance was expressed in terms of density of individuals/10 L of sediment, which is a quantitative measurement. The volume of collected sediment varied from 1.5 to 85 L throughout the study; thus, a standardisation was performed considering the volume of sediment collected at each station. The Shannon diversity index (H'log2) was calculated with the Primer 5.1 for Windows program. Nonmetric multidimensional scaling (MDS) ordination plots (Bray-Curtis similarity index and fourth root of densities) were made with the data obtained on each cruise and with the total data obtained on the four cruises (Primer 5.1 for Windows) and showed that most of the samples were aggregated (stress=0.01). This rules out the seasonal and spatial influence on faunal distribution and indicates that other abiotic variables are responsible for polychaete distribution. The Pearson correlation coefficients (Excel 2000) were calculated between each pair of biotic (density, species number and diversity) and abiotic (depth, temperature, dissolved oxygen, organic matter and percentages of mud, sand and gravel) variables.
Faunal assemblages were determined according to depth, oxygen, temperature, organic matter content and percentage of mud by means of cluster analyses using species densities. Since no significant seasonal and spatial variability was detected, samples obtained during the entire study were pooled for depth ranges (each 100 m), oxygen concentration ranges (each 0.4 ml/L), temperature ranges (each 0.5°C), organic matter content ranges (each 2%) and percentage of mud ranges (each 10%). MDS ordination plots were simultaneously built for each abiotic variable using the same ranges. Both dendrograms (group average link) and MDS ordination plots were built using the Primer 5.1 for Windows program following the Bray-Curtis similarity index, using the species density transformed to the fourth root, which downweights the effect of rare or abundant species (Field et al., 1982) . The characteristic species of each assemblage were obtained through dominance and frequency calculated separately for each of the groups obtained in the cluster analyses. Dominant species (Dm ≥1%) were determined according to the mean dominance index proposed by Picard (1965) , as Dm=(n i /N)x100, where Dm= mean dominance index for species i; n i = number of individuals belonging to species i; N= total number of individuals belonging to all the species. Following Glémarec (1964) , frequency was calculated as F=(m i x 100)/M, where m i = number of samples in which species i appeared and M= total number of samples. Frequent species had F≥15%.
In order to closely determine the main factors influencing polychaete distribution in the study area, a canonical correspondence analysis (CCA) was performed (MVSP program, ver. 3.1, 1985 (MVSP program, ver. 3.1, -2002 considering the density of the dominant and frequent species (throughout the study, considering the 44 samples) as biotic variables and depth, temperature, dissolved oxygen, organic matter content and percentages of mud, sand and gravel as abiotic variables. Depth, dissolved oxygen and temperature ranges were plotted for the dominant and frequent species in the study. Only species identified to specific and generic levels were included in these plots. 
RESULTS
Forty
Orbiniidae
Pilargiidae Califia calida Hartman, 1957 Ancistrosyllis hartmanae Pettibone, 1966 Leitoscoloplos elongatus (Johnson, 1901 Sigambra sp Phylo nudus (Moore, 1911) Syllidae Paraonidae
Exogone lourei Berkeley, 1938 Aricidea alisetosa Fauchald, 1972 Nereididae Aricidea longicirrata Fauchald, 1972 Ceratocephale pacifica Hartman, 1960 Paraonis pycnobranchiata Fauchald, 1972 Ceratonereis vermillionensis Fauchald, 1972 Spionidae Nereis anoculopsis Fauchald, 1972 Polydora sp Nereididae indeterminable Prionospio vermillionensis Fauchald, 1972 Glyceridae Spiophanes fimbriata Moore, 1923 Glyceridae indeterminable Poecilochaetidae Goniadidae Poecilochaetus johnsoni Hartman, 1939 Goniada brunnea Treadwell, 1906 Heterospionidae Nephtyidae Heterospio catalinensis (Hartman, 1944) Nephtys paradoxa Malm, 1874 Chaetopteridae Amphinomidae Phyllochaetopterus limicolus Hartman, 1960 "Pareurythoe" sp Cirratulidae Pseudeurythoe ambigua (Monro, 1933) Aphelochaeta monilaris Hartman, 1960 Onuphidae Aphelochaeta multifilis (Moore, 1909) Onuphis iridescens (Johnson, 1901) Chaetozone corona Berkeley and Berkeley, 1941 Onuphis profundi Fauchald, 1968 species, representing 32 families, were collected, from which 61 taxa were identified to species level (Table  1) . Species belonging to the genera Polydora, Cirratulus, Tharyx, Notomastus, Eteone, Sthenolepis, Sigambra and "Pareurythoe" were not identified to species due to the poor condition of the specimens. Important taxonomic structures from several specimens from the families Maldanidae, Opheliidae, Polynoidae, Nereididae, Glyceridae, Lumbrineridae, Ampharetidae and Sabellidae had been damaged, making further identification impossible. These specimens were catalogued as "indeterminable" within their respective families. In some cases, species names used in Méndez (2006) were updated due to recent changes in nomenclature cited in the literature.
The families best represented in the study area in terms of number of species were Maldanidae (11 taxa, of which 9 were not identified to species), Cirratulidae and Ampharetidae with 7 species each, and Lumbrineridae, with 6 species. The 26 dominant (Dm≥1%) and frequent (F≥15%) species in the study are listed in the Figure 7 quent species were Ampharetidae (5 species), Cirratulidae and Maldanidae (4 species each). Station locations and their corresponding abiotic variables (depth, temperature, dissolved oxygen, organic matter content of sediments and percentages of mud, sand and gravel) and biotic variables (density, species number and diversity) are presented in Table 2 . The Pearson correlation index indicated that depth, temperature and oxygen were strongly correlated among themselves and were the main abiotic variables influencing species number and diversity. Density showed a significant negative correlation with temperature. Organic matter in sediments also had a significant correlation, albeit lower, with species number and diversity. Percentages of mud and gravel seemed to have a stronger correlation with diversity (Table 3) .
The cluster analysis based on data pooled in 100 m depth ranges indicated four depth groups: 700-1100 m (including 17 samples), 1100-1600 m (23 samples), 1900-2100 m (3 samples), and 2100-2200 m (one sample) (Fig. 2a ). An oxygen concentration range of 0.2 ml/L was considered initially, but the resulting interpretation was confusing since lower oxygen groups (i.e. 0-0.2 ml/L and 0.2-0.4 ml/L) were grouped with the 1.2 mg/L group and intermediate groups resulted independent. On the other hand, when the grouping was made every 0.5 ml/L, valuable information was lost, since samples from 0 to 1.5 ml/L were grouped at a 50% similitude. A better fit using oxygen concentration values was obtained when a 0.4 ml/L range was analysed. Three oxygen assemblages based on polychaete density were obtained ( Fig. 3a) : from 0 to 1.2 ml/L (33 samples), from 1.2 to 2.0 ml/L (nine samples) and from 2.0 to 2.4 ml/L (1 sample). Four faunal assemblages were established according to temperature (Fig. 4a) : from 2.0 to 2.5°C (three samples), from 2.5 to 4.0°C (24 samples), from 4.0 to 6.0°C (15 samples) and 6.0 to 6.5°C (one sample).
The majority of samples (39) corresponded to sediment with 8 to 16% organic matter content. Two independent groups were observed from 16 to 18% (three samples) and from 18 to 20% (two samples) (Fig. 5a ). Because most sediment samples were dominated by mud, the faunal analyses were performed using this component only. Three independent groups were obtained, of which only that corresponding to 80-100% of mud was representative, since it included 42 samples. The other two groups (20-30% and 60-70%) corresponded to only one sample each (Fig. 6a) . The MDS ordination plots carried out for each abiotic variable confirmed the groups obtained through the respective dendrograms; however, these graphs suggest that polychaete distribution did not show clear patterns following gradients of depth (Fig. 2b) , of oxygen concentration (Fig. 3b) , of temperature (Fig. 4b) , of organic matter content (Fig.  5b) or of mud percentage (Fig. 6b) .
The ranges and mean values of the biotic and abiotic variables estimated for each faunal assemblage according to the analysed environmental variables are summarised in Tables 4 (depth), 5 (oxygen), 6 (temperature), 7 (organic matter content), and 8 (mud percentage). These tables also contain the characteristic species (dominant and frequent) of each assemblage. In most of the cases, several species were characteristic of more than one assemblage, which suggests wide distribution patterns (i.e. Califia calida, Maldane cristata, Phylochaetopterus limiculus and Melinna exilia). The grouping obtained for organic matter content and mud percentage was vast, since the majority of the samples were included in the same assemblage, thus making interpretation difficult.
The spatial distributions of the 26 dominant and frequent species in the study according to the biotic variables obtained in the CCA indicated that 34.6% of the variance is explained by the first canonical axis (eigenvalues= 0.688) and 22.1% by the second canonical axis (eigenvalues= 0.438). A high correlation was found between polychaete composition and the environmental variables on the first two axes (first axis 0.933; second axis 0.914). Depth was the most important environmental variable explaining species distribution, although this distribution was also strongly influenced by oxygen and temperature. Organic matter and especially granulometry were less important (Fig. 7) .
Most of the species collected in this study were found over wide temperature, oxygen and depth ranges; however, the dominant and frequent species (Hartman, 1939 (Hartman, , 1968 Berkeley, 1939, 1941; Rioja, 1962; Kudenov, 1975) , and Ancistrosyllis hartmanae (Pettibone, 1966; Fiege and Bögemann,1999) , which have only been found in shallow waters. Except for the pilargid Ancistrosyllis hartmanae and the ampharetid Melinnampharete eoa, all the species identified during this study have been previously reported for the Gulf of California or other areas in the eastern Pacific by Hartman (1957 Hartman ( , 1960 Hartman ( , 1963 Hartman ( , 1968 Hartman ( , 1969 , Pettibone (1966) , Fauchald (1968 Fauchald ( , 1970 Fauchald ( , 1972 , Hancock (1981), or Petersen (2000) .
Recent studies concerning deep-sea macrofauna (Levin and Gage, 1998; Levin et al., 2000 , Levin et al., 2001 , Levin, 2003 have proposed the use of a 300-μm mesh size instead of the traditional 500 μm. The use of a 500-μm mesh could result in the loss of small specimens normally found in deep-sea samples, such as dorvilleids (Levin, pers. com.; May, 2005) . Moreover, analyses of stomach contents from the fish Cherublemma emmelas (Gilbert, 1890) collected during the cruises of this study revealed the presence of small species of paranoids and pilargids, which were not found in our samples. It has been demonstrated that depth, oxygen and organic matter strongly influence the diversity of bathyal macrobenthos (Levin and Gage, 1998) , depth being one of the most important factors affecting macrofauna distribution (Jumars, 1976; Grassle, 1989) , as demonstrated by results obtained in the CCA.
Depth
The North Atlantic, the most intensively sampled region of the deep sea, has unimodal diversity-depth patterns, with a peak at intermediate depths and depressed diversity at upper bathyal and abyssal depths; however, this pattern does not appear to be universal . Results found here suggest a similar pattern since diversity increased with depth and reached a maximum value of 4.194 at 1270 m, and then decreased slightly with depth. The minimum diversity value was 2.000 at 2110 m depth (Table 2 ). Due to the scarcity of samples in water deeper than 1270 m (only 13), a possible similitude between our study area and the North Atlantic zone could not be established.
The dominant families were represented in all the bathymetric assemblages, so a clear polychaete family representation in the different depth assemblages related to the OMZ position such as that described by Levin et al. (2000) in the NW Arabian Sea was not observed.
In this study, four faunal bathymetric assemblages were established based on polychaete density. The zone comprised of samples from 1100 to 1600 m had the highest number of species, density and diversity values, with a mean dissolved oxygen value of 0.87 ml/L (Table 4) . According to Hendrickx (2001) , in the same area the highest number of species of decapod crustaceans were caught in the 1188-1245 m depth range, where hypoxic (0.6 to 0.76 ml/L) conditions prevailed; the highest abundance of pandalid shrimps occurred between 1000 and 1500 m (Hendrickx, 2003a) , and the highest abundance of the Pacific lobsterette Nephropsis occidentalis occurred between 1050 and 1310 m. These depth ranges featured severe hypoxic conditions (0.38-1.4 ml/L), as stated by Hendrickx (2003b) .
Although the 700-1100 m assemblage had the lowest oxygen values (a mean of 0.28 ml/L), it showed a relatively high diversity, species number and density. On the other hand, the 1900-2100 m and 2100-2200 m assemblages contained the highest dissolved oxygen levels (means of 1.92 and 1.98 ml/L, respectively), but had low values for the biotic variables. A similar situation was reported in the same area by Hendrickx (2001) , who discovered that sampling stations with higher oxygen content (above 2.0 ml/L at depths greater than 2000 m) were inhabited by fewer benthic decapod species. He concluded that, although critically low oxygen content (<0.5 ml/L) may represent an impediment for the establishment of a rich benthic fauna, a higher oxygen content does not necessarily favour the presence of a richer fauna.
Dissolved oxygen
According to Levin (2003) , density of macrofauna is often depressed within the part of the OMZ where the lowest oxygen concentrations occur. Results found here, however, did not show a significant correlation between oxygen and density. Thus, other biotic variables such as species richness or diversity could explain the relationship between polychaete composition and oxygen concentration. The OMZs have been defined as regions where bottom-water oxygen concentrations are <0.5 ml/L and are characterised by low species richness and very high dominance. This pattern has been reported on the West African margin (Sanders, 1969) , in the eastern Pacific, on a seamount off Mexico (Levin et al., 1991) , in the NW Arabian Sea off Oman (Levin et al., 1997; Levin et al., 2000) , and on the Peru and Chile margins (Levin et al., 2002) . Analyses performed by Levin and Gage (1998) with samples from several localities suggested a positive relationship between bottom-water oxygen concentration and species richness. The same situation was observed in this study, since oxygen had a significant positive correlation with species number (Table  3 ). The highest number of species was found in the 0.00-2.00 ml/L assemblage (Table 5 ), but this group included 76.7% of the samples. Levin et al. (2001) suggested that a significant reduction of macrofaunal species richness in a low oxygen environment may not occur until the concentration falls below 0.4 or 0.3 ml/L. Such a reduction could be even lower for annelids, due to their high tolerance to hypoxia. Data registered here indicate a different situation, since species richness in samples below 0.3-0.4 ml/L ranged from 1 to 10 species, similar to samples with higher oxygen concentrations ( Table 2) .
Studies by Sanders (1969) off West Africa, by Levin et al. (1991) in the eastern Pacific, and by Levin et al. (1997) in the Arabian Sea have shown extreme depression of macrobenthic diversity within OMZs, beneath upwelling regions, where organic matter flux to the seabed is high. Here, a significant positive correlation was found between diversity and oxygen concentration and, in general terms, the low-oxygen group showed the lowest mean diversity (Table 5) . Nevertheless, a closer analysis indicates that stations where diversity was null had oxygen concentrations ranging from 0.10 to 0.79 ml/L without a clear pattern (Table 2) . Thus, for the southeastern Gulf of California, it can be concluded that it is difficult to distinguish the importance of oxygen stress in determining species richness and diversity changes associated to OMZs.
Studies on macrobenthos in the Indo-Pacific and Atlantic oceans have suggested that there is an oxygen threshold (i.e. 1 ml/L or maybe 0.45 ml/L) above which oxygen has little influence on species richness, but below which it is a powerful control (Levin and Gage, 1998) . Moreover, in the Oman margin, Levin et al. (2000) concluded that maxima in abundance, biomass and annelid body size encountered at 700 m (0.16 ml/L) may reflect a threshold release from oxygen stress in enriched sediments. We did not recognize clear OMZ thresholds based on deep-water polychaete composition, since grouping of stations each 0.4 ml/L included wide oxygen ranges and no clear gradients were observed. Furthermore, some species were characteristic of several oxygen groups. A similar situation occurred with the mollusc community in the same study area (Zamorano et al., 2006) , where no clear oxygen groups could be established. In addition, polychaete density, diversity and species richness did not show clear patterns associated with specific oxygen concentrations. To observe a possible low oxygen threshold, samples with oxygen <0.21 ml/L were closely analysed. The average species richness was 2.58±2.19 (SD), but the 12 samples contained 20 species, each one present in at most 3 samples. Moreover, diversity ranged from 0 to 2.922 (average: 0.871±0.941, SD) and density, from 0 to 26.973 (average: 7.43±11.47, SD) . This confirmed that oxygen is not the main abiotic variable affecting polychaete distribution in the area.
Temperature
The correlation values and results from the CCA obtained here suggest that temperature is also an important factor controlling polychaete composition. Narayanaswamy et al. (2003) and Narayanaswamy et al. (2005) stated the importance of temperature in deep-sea polychaete distributions. The last work was performed in stations located between 350 and 550 m in the north-east Atlantic. Hernández-Alcántara and Solís-Weiss (2005) found a strong effect of temperature on spionids from the Gulf of California in the sublittoral zone, between 22 and 120 m depth. Results found here confirm these findings and extend them to deeper water zones, since significant negative correlations were found between temperature and the three biotic variables studied (Table 3 ). The faunal assemblages defined according to temperature suggest that 2.5 to 4.0°C was the range preferred by polychaetes, since it included higher density, diversity and species numbers than the other ranges (Table 6 ). However, this range does not seem to be exclusive for some of the characteristic species.
A closer approach considering only the dominant and frequent species over the study area indicates that these species were collected in wide temperature ranges, but some of them were found in restricted temperature, oxygen and depth ranges (Fig. 8) . This suggests that the distribution of polychaetes in this area is directly affected by the combination of the three abiotic variables, which are strongly correlated with each other, as suggested by Wishner et al. (1995) for pelagic and benthic communities on a seamount off Acapulco. This explains the position of these species in the CCA in relation to the abiotic variables. For instance, considering the temperature (2-6.2°C), oxygen (0.04-2.2 ml/L) and depth (732-2110 m) ranges found throughout this study, B. pluribranchiata and F. rugosa live in high temperatures and low depths and oxygen contents and, conversely, A. arctica was found in deeper zones with higher oxygen content and lower temperatures (Figs. 7 and 8 ).
Organic matter content
Organic matter has been considered an important factor affecting deep-water polychaete distribution. Cook et al. (2000) , Gooday et al. (2000) , and Gooday et al. (2001) concluded that annelids often demonstrate parallel trends along gradients of oxygen and organic matter contents. In this study, the correlation between the two abiotic variables was non-significant (Table 3) , probably due to the fact that organic matter content was always high and homogeneous over the study area; 88.6% of the samples were comprised in the 8-16% organic matter group (Table 7) . The MDS plots did not suggest that polychaete species are distributed over organic matter or oxygen gradients (Figs. 3b and 5b) . Combined with the results obtained in the CCA, this suggests that organic matter content is not a limiting factor for deep-water polychaetes in the area, contrary to what was observed in the North Atlantic, the eastern Pacific, and the Indian Ocean, where organic carbon was found to strongly influence polychaete diversity (Levin and Gage, 1998) .
The importance of organic matter content in sediments for macrofaunal diversity and species richness has been widely established. Levin et al. (1994) found reduced diversity at the most enriched sites from bathyal bottoms in North Carolina and on a Pacific seamount. In shallow waters, Pearson and Rosenberg (1978) found increasing polychaete diversity with increasing organic nutrients up to an intermediate level, and then a decline in diversity with even greater organic inputs. According to Levin and Gage (1998) , increasing levels of organic matter may lead to reduced species richness or high dominance. The percentages of organic matter content from the southeastern Gulf of California are higher than data reported elsewhere, and this could be partially due to the technique used, which could overestimate the results. Nevertheless, these results are useful to observe tendencies. Similar diversity and species richness decreases were observed in the groups with higher organic matter content (Table 7) , but without a clear pattern; null diversity values and the lowest species numbers (0 and 1) were found in samples with percentages of organic matter between 8.26 and 18.78% (Table 2 ). In addition, none of the stations was dominated by one or two species, which also reduces the importance of this variable throughout the study area. It is therefore difficult to generalize about organic-matter influence on deepsea diversity, since this parameter varies in the different regions of the world, as stated by Levin and Gage (1998) .
Sediment characteristics
Organic matter in sediments is strongly influenced by particle size (Milliman, 1994) , as observed by the high correlation between percentage of mud and organic matter (Table 3) . The granulometry and organic matter content analyses indicated that the sediment characteristics were relatively homogeneous throughout the study area, since mud dominated at most of the stations (i.e. a single group included 95.5% of the stations; Table 8 ) and organic matter was always high (from 8.26 to 18.78%). No clear gradients of faunal distribution were observed according to these variables (Figs. 5b and 6b) . Consequently, these variables were less important than depth, temperature and oxygen in the CCA. The lack of importance of grain size in this study is supported by similar results obtained in the North Atlantic, the eastern Pacific and the Indian Ocean, where percentages of sand and clay were considered as non-significant factors affecting macrofaunal distribution (Levin and Gage, 1998) .
Endo-benthic fauna distribution depends strongly on sediment characteristics, due to the building of structures such as tubes and burrows (grain size) and as a food supply (organic matter) for detritivores (Wieser, 1959; Rhoads, 1974; Gray, 1981) . According to Jumars (1976) , large detritivores are favoured in the deep sea where organic matter content is high. Most of the dominant and frequent species of this study belong to the surface-deposit feeder category as proposed by Fauchald and Jumars (1979) and Gambi and Giangrande (1985) . The high amounts of organic matter indicate that the deep-sea polychaete fauna in the southeastern Gulf of California is not food-limited, which also explains the lack of importance of this variable in the CCA.
The family Ampharetidae (surface feeders) was the best represented in terms of number of species, dominance and frequency. It has been previously reported that density of ampharetids increases with depth and the family is dominant in abyssal sediments (Day, 1967; Fauchald and Jumars, 1979; Hernández-Alcántara and Solís-Weiss, 1993) . Fauchald and Jumars (1979) have demonstrated that some deep-water polychaetes build strong ventilating tubes to tolerate low oxygen conditions, and the continuous tube building of ampharetids may represent a form of locomotion. Most of the collected ampharetid tubes were large (up to 30 cm long), wide (up to 1 cm) and robust (Méndez, 2006) , which explains the success of this family in the study area.
Maldanids and cirratulids were also dominant and frequent. According to Fauchald and Jumars (1979) and Gambi and Giangrande (1985) , most maldanids are tubicolous and are generally represented by subsurface-deposit feeders. The high organic matter content in sediment as well as the dominance of compact mud explains the success of members of this family in this environment. Cirratulids are also classified as deposit feeders and are generally considered as non-selective worms. Cirratulids and many species from the genus Tharyx (Jumars, 1975) are among the most abundant macrofaunal species in deep-sea, and this was confirmed in this study.
Surface and subsurface-deposit feeding is likely to be important for species living in bathyal and abyssal regions (Fauchald and Jumars, 1979) . This is the case of the dominant and frequent species belonging to the tubicolous families Chaetopteridae, Capitellidae and Terebellidae and the non-tubicolous Orbiniidae, Flabelligeridae, Syllidae and Sternaspidae. Few species belonging to predominantly carnivorous (Lumbrineridae) and omnivorous (Nereidae and Onuphidae) families were dominant or frequently present. These species do not compete for food with detritivores, allowing for equilibrium in the deep sea.
Results from this study showed that deep-water polychaetes from the southeastern Gulf of California do not distribute following clear temperature, depth, oxygen, organic matter or sediments grain size gradients. Species were not found in specific ranges of these variables, thus making it difficult to establish clear distribution patterns based on polychaete analyses and suggesting that none of these variables is the key factor controlling polychaete distribution in this zone. Several deep-sea studies performed in different regions of the world (i.e. Rosenberg et al., 1991; Etter and Grassle, 1992; Diaz and Rosenberg, 1995; Wishner et al., 1995; Levin and Gage, 1998; Rex et al., 2000; Levin, 2001 , Hendrickx, 2003a Narayanaswamy, et al., 2003; Narayanaswamy, et al., 2005; Levin et al., 2001) have revealed that bathyal macrofaunal density, species richness and diversity are strongly influenced by dissolved oxygen concentration and depth. However, these studies also indicate that other factors such as temperature, organic matter in sediments, grain size, latitude, and sediment pigments are important parameters influencing macrofaunal distribution. It is now demonstrated that deep-sea polychaete distribution in the southeastern Gulf of California is controlled by the combination of several environmental variables, the most important being depth, oxygen concentration and temperature, whose effects can be variable in the different world's oceans, as mentioned by Levin (2003) .
CONCLUSIONS
This study is a contribution to the scarce knowledge of the influence of environmental parameters on the distribution of deep-sea polychaetes inhabiting the southeastern Gulf of California. The density of polychaetes collected during the four oceanographic cruises in a depth range from 732 to 2110 m allowed faunal assemblages to be established according to the studied environmental variables. Polychaete distribution was strongly associated with depth, dissolved oxygen and temperature. Grain size and organic matter contents in sediment had a minor contribution since those variables remained homogeneous throughout the study area. World-wide deep-sea studies previously described indicate that polychaete distribution patterns are associated with a combination of several environmental factors, whose effects vary in the different geographic zones. Thus, further detailed investigations are strongly recommended in specific regions of the world's oceans.
